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      The T-34C Airplane has been the primary trainer aircraft of the United States Navy 
for more than twenty-five years and is reaching the end of its service life.  The Navy has 
delayed the procurement of the replacement T-6A Texan II aircraft for five years, yet 
does not expect the future training requirements to diminish.  This delay in T-6A 
procurement along with recent observed increases in primary trainer aircraft usage have 
resulted in the need for the Navy to pay considerable attention to the remaining service 
life of the T-34C aircraft. 
     This thesis will discuss the methodology used to determine future primary trainer 
aircraft requirements and projected aircraft availability.  With analysis of these results it 
is the author’s opinion that there will be a projected shortage of over 60 primary trainer 
aircraft in the coming years.  In order to alleviate that shortfall a Service Life Extension 
Program (SLEP) is recommended for the T-34C aircraft.   
     In support of a SLEP for the T-34C aircraft it is recommended that the main wing 
spars and carry through structure be replaced instead of conducting a time consuming and 
costly Damage Tolerance Analysis (DTA) on those components.  Replacement of these 
parts and an increased inspection interval on other airframe components on sixty-three 
aircraft will alleviate the projected shortfall until the T-6A is delivered in sufficient 






      A portion of the information contained within this thesis was obtained from a Naval 
Air Systems Command sponsored program from the Raytheon Aircraft Company.   Some 
of these data are derived from a proprietary algorithm so only the data will be discussed 
and not the methodology used to obtain it.   
     The research, discussion, conclusions, and recommendations presented are the 
opinions of the author and should not be construed as an official opinion of the United 
States Department of Defense, the United States Navy, the Naval Air Systems Command, 
the Naval Undergraduate Flight Training Systems program office, or the Raytheon 
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     The security and economic well being of the United States of America depend upon 
the forward presence, flexibility, and power projection provided by the United States 
Navy.  Naval Aviation has been a crucial factor in the defense of this country and the 
superb training given the men and women who fly these aircraft is an integral reason for 
their dominance.  For over twenty-five years the first aircraft the U.S. Navy has trained 
their future aviators in has been the T-34C Mentor.  This fleet of aircraft has amassed 
more than 4.4 million flight hours accomplishing these missions.  Unfortunately the 
service life of this venerable aircraft is nearing its end and the T-34C it is to be replaced 
by the more modern T-6A Texan II.   
      
     The task of training Naval Aviators (pilots) and Naval Flight Officers (NFOs) falls to 
the Chief of Naval Air Training (CNATRA) located at NAS Corpus Christi, TX.  They 
train more than 1650 Navy, Marine Corps, Air Force, Coast Guard, and select foreign 
military pilots, NFOs, and Aircrewman each year at various sites throughout the United 
States.  More than 390,000 flight hours per year are flown in support of this training in 
798 aircraft including 12 Type Model Series (TMS).  The many aircraft used to conduct 
this training include single and multi-engine propeller and jet airplanes, as well as rotary 
wing (helicopter) aircraft.   
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          The Program Manager (PMA) of these aircraft is Naval Undergraduate Flight 
Training Systems (PMA-273) located at Naval Air Systems Command (NAVAIR), NAS 
Patuxent River, MD.  The Program Manager is responsible for the cradle to grave 
program management, engineering, logistics, contracts, and budget analyst support for 
the Navy’s trainer aircraft.  This support continues throughout the entire lifecycle of each 
aircraft system including:  
1) Concept and Technology Development 
2) System Development and Demonstration 
3) Production and Deployment 
4) Operations and Support 
5) De-militarization and Disposal 
 
     Although many aircraft and systems are used to train Naval Aviators and NFOs for the 
variety of missions required, in many respects the first aircraft they experience flight in is 
the most important of their career.  How students perform in their first aircraft determines 
what type of platform they will be selected to fly.    Primary flight training for Student 
Naval Aviators (SNA) has been accomplished at NAS Corpus Christi, TX through 
CNATRA Training Air Wing FOUR (CTW-4), and at NAS Whiting Field, FL through 
CNATRA Training Air Wing FIVE (CTW-5).  Future NFOs known as Undergraduate 
Military Flight Officers (UMFOs) have been trained at NAS Pensacola, FL through 
CNATRA Training Air Wing SIX (CTW-6).  The pipelines for NFO and pilot flight 
training are shown in Figure 1.    
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NFO and Pilot Training Pipelines 
Source: CNATRA  
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     Upon completion of training by CNATRA the students are sent to a Fleet 
Replacement Squadron (FRS) to continue training in their fleet aircraft.  The many 
various FRS organizations and locations are shown in Figure A-1.      
      
     The T-34C primary trainer that has been the backbone of Naval Aviation training in 
the modern era is being replaced by the T-6A Texan II.  The T-6A is a joint program and 
is designated to be the primary trainer for both the Air Force and the Navy.  The entire 
system, consisting of the aircraft, simulators, and ground training is known as the Joint 
Primary Aircraft Training System (JPATS).  The Air Force began procurement of the T-
6A in Fiscal Year 1997 (FY97).  They were to procure a total of 454 T-6A aircraft with 
the last buy in FY08.   The Navy began purchasing the T-6A in FY00 and was to buy a 
total of 328 T-6A with the last buy in FY08 as well.     
      
      The Navy decided, however, in order to save ever shrinking budget dollars, to 
conduct a five-year “strategic pause” in the purchase of the T-6A.  No T-6A aircraft were 
to be purchased during FY 2002-2006.  When this decision was made, the Navy had only 
purchased enough T-6A aircraft in FY00 and FY01 to conduct Primary NFO training at 
NAS Pensacola with those aircraft.   Primary pilot training would have to continue 
exclusively with the T-34C for five years longer than previously anticipated due to this 
pause in procurement.  This means CNATRA will require the T-34C aircraft to remain in 
service until 2015 instead if retiring them in 2010.     
 
 4
STATEMENT OF THE PROBLEM 
     The decision to pause T-6A purchases for five years requires CNATRA and the 
Program Manager (PMA-273) to continue managing the remaining service life of the T-
34C fleet until the T-6A can replace them.  The service life for the T-34C is currently 
defined in Fatigue Life Expended (FLE), which is expressed as a percentage.  When 
100% FLE is reached the aircraft is not considered airworthy and is grounded.  Based 
upon projections and analysis, it is this author’s opinion that some action must be taken to 
extend the service life of the T-34C or there will not be enough primary trainer aircraft in 
future years for CNATRA to train the required number of pilots.   
 
     This thesis will discuss the current and projected states of the T-34C fleet of aircraft 
with respect to service life requirements, and recommend a course of action to meet those 
requirements with a Service Life Extension Program (SLEP).     
 
DESCRIPTION OF THE T-34C AIRPLANE 
The T-34C “Turbo Mentor” aircraft, shown in Figure 2, was designed and 
manufactured by Raytheon Aircraft Company (RAC), Wichita, Kansas (formerly 
Beechcraft).  The aircraft dimensions are presented in Figure A-2.  It is a single engine, 
two-place (tandem seat), un-pressurized, low-wing, monoplane.  The aircraft is powered 
by a PT6A-25 turbo-prop engine, flat rated at 550 shaft horsepower (shp), manufactured 
by Pratt & Whitney of Canada.   To support service life and FLE calculations, a Counting 
Accelerometer Group (CAG) tracks individual aircraft exceedences of normal 








    Every five years each T-34C airframe undergoes an Aircraft Conditional Inspection 
(ACI), which consists of a complete teardown, inspection, repair, strip and paint of the 
aircraft.   There are two-hundred fifty-five T-34C aircraft assigned to CNATRA to 
provide primary flight training for student aviators. There are another twenty-eight T-34C 
aircraft assigned to various satellite sites that are used for Research, Development, Test, 
and Evaluation (RDT&E) of various projects; range clearance and coordination; tactical 
strike observations; pilot proficiency; and competitive exercise observer platforms.   
 
The T-34C airplane is the least expensive aircraft per flight hour to operate in the 
U.S. Navy inventory and its availability has been extremely high.  The T-34C 
maintenance concept expresses availability in terms of aircraft Ready For Training (RFT) 
averaged on a daily basis.  Table 1 shows the cost per flight hour and RFT rates obtained 




T-34C Cost Per Flight Hour and RFT Rates 
Fiscal Year (FY) Cost Per Flight Hour ($) Measured RFT Rate (%) 
2000 302 84 
2001 298 82.5 
2002 313 80.1 
2003 347 84.2 





DESCRIPTION OF THE T-6A AIRPLANE 
The T-6A “Texan II” aircraft, shown in Figure 3, is manufactured by RAC.  It is 
single engine, two-place (tandem seat), pressurized, low wing, monoplane.  The aircraft 
is powered by a PT-6A-68 turboprop engine, flat rated at 1100 shp, manufactured by 
Pratt & Whitney of Canada.  Each aircraft is equipped with two Martin-Baker Mk US16L 
ejection seats and On Board Oxygen Generating System (OBOGS.)  The avionics 
package consists of commercially available digital instruments.   
The current mission of the T-6 aircraft assigned to CNATRA, is to provide 
primary UMFO flight training at NAS Pensacola (CTW-6).  When enough T-6A 
airplanes are procured and available, CNATRA will provide primary flight training to 



















DESCRIPTION OF PRIMARY PILOT FLIGHT TRAINING  
     Because of the joint nature of current and future military operations and the cost 
savings associated with a single platform, the Navy and Air Force planned on joint 
training of their pilots and flight officers.  With Navy students and instructors training at 
Air Force Bases, and Air Force students and instructors stationed at Naval Air Stations, a 
similar syllabus for primary pilot training was developed by CNATRA for the T-34C.  
This syllabus, known as Joint Primary Pilot Training (JPPT) added sorties to the Navy 
program based on the Air Force pilot training program with the T-6A.  JPPT involves 
quite a few more dynamic events than the Navy’s previous T-34C syllabus.  Specifically 
there have been several Tactical Formation (TACFORM) flights as well as several more 
aerobatic flights added to the syllabus.  This JPPT syllabus began in the spring of 2004 at 
CTW-4 (Corpus Christi) and CTW-5 (Whiting Field).   
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CHAPTER II 
PRIMARY TRAINER TRANSITION PLANNING 
 
BACKGROUND 
     Planning the transition of one aircraft TMS to another is not as simple as replacing an 
old aircraft as a new one rolls off the assembly line.  Squadrons must be stood up and 
others disestablished, instructors and maintainers must be trained on the new systems, 
and the logistics, contracts, and administrative support structure for the new aircraft must 
be in place prior to commencing full operations.  It is crucial therefore to manage the 
remaining service life and plan for the disposal of the retiring aircraft well in advance. 
 
     Managing the service life of an aircraft to meet the future needs of the operators 
requires projecting out year requirements with regard to how many aircraft are projected 
to be available.  In the case of CNATRA primary flight training there are three factors 
that must be considered: 
 
1. The number of total aircraft required by CNATRA for primary flight training, 
which depends on the future Pilot Training Requirements (PTR).   
2. The number of T-6A aircraft available in the out years for primary flight 
training which depends on the Navy’s projected T-6A buy/delivery schedule. 
3. The number of T-34C aircraft available in the out years for primary flight 




These three projections are crucial in managing the service life of the T-34.  Accurate 
data are required for all three of these factors in order to make rational and cost-effective 
decisions. 
 
CNATRA PRIMARY TRAINER REQUIREMENTS 
     CNATRA bases its future flight hour projections on the projected PTR obtained from 
OPNAV/N-78 (Navy Requirements).  PTR are the projected then year numbers of trained 
aviators CNATRA will be required to fill Fleet Replacement Squadron (FRS) seats with.  
CNATRA uses these requirements to determine how many flight hours will be required 
for each platform for each year.  The T-6A and T-34C flight hour estimates for FY 2005-
2014 are shown in Table B-1.   Presented with the flight hour estimates in Table B-1 are 
the estimated required aircraft to obtain those flight hours.  Based on cost and contract 
limitations, each T-34C assumed to be capable of flying a maximum of 660 flight hours 
per aircraft in one year.  Because the T-6A is newer, and designed for shorter turn-around 
times and less overall maintenance, each T-6A is assumed to be capable of flying up to 
720 flight hours per aircraft in one year.  For these calculations a more realistic 95% of 
these maximum utilization rates were used.  A 10% pipeline (back-up) estimate is 
included in this calculation as well, based on expected modification requirements and 





T-6A BUY AND DELIVERY SCHEDULE 
     Currently the Navy has purchased fifty-two T-6A aircraft.  Forty-nine of these aircraft 
have been delivered; the remaining three are scheduled for delivery in summer 2006. One 
airplane is used for Developmental Test and Evaluation (DT&E), six are to be used to 
train Navy Test Pilots at the United States Naval Test Pilot School (USNTPS), and forty-
five are used by CNATRA for UMFO training at NAS Pensacola.  The next scheduled 
buy is not until FY 2007 and RAC will not be under contract to deliver those aircraft until 
FY 2009.  The first T-6A aircraft to take over the primary pilot training role for the U.S. 
Navy will not be available until FY09.  Table 2 shows the current expected delivery 
schedule of T-6A aircraft to the Navy, and CNATRA.  The last row showing the total 
projected T-6A available to CNATRA takes into account an estimated mishap rate of 
1.25 aircraft per 100,000 flight hours.  This corresponds to the current “Class A” estimate 
based on historical data.     
 
Table 2 
Projected Navy T-6A Delivery Schedule and Availability 
 
T-6A 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Deliveries 2 3 0 5 28 51 50 48 48 41 5 
Navy 
Delivered 49 52 52 57 85 136 186 234 282 323 328 
CNATRA 
Delivered 42 45 45 50 78 129 179 227 275 316 321 
CNATRA 





     The future availability of the T-34C for CNATRA is most dependent upon how many 
aircraft are expected to be still in service.   To accurately predict this number, the rate of 
FLE accrual and projections by BUNO of when aircraft will reach 100% FLE is 
necessary.   
 
FATIGUE LIFE EXPENDED 
     Each T-34C Bureau Number (BUNO) is individually tracked by its FLE in a Fatigue 
Appraisal and Structural Tracking (FAST) report produced quarterly by the Durability 
and Damage Tolerance Group of RAC.  The loads data input required to determine FLE 
consists of: 
 
1) Accelerometer counts 
a. Actual readings of CAG exceedences of 3, 4, 5, and 6 “g”s 
b. Extrapolated readings below three “g”s based on the mission profile 
and fatigue model 
2) Total recorded landings since manufacture  
3) Total flight hours since manufacture  
 
The maintenance contractor (currently L-3 COM Vertex, Madison MS) submits the 
CAG, landings, and flight hour data monthly to RAC.  Compliance with approved  
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airframe changes, airframe bulletins, and scheduled maintenance is assumed, so aircraft 
material condition is not considered a factor in FLE.   RAC reduces the data via a 
proprietary algorithm to determine the actual FLE for each individual aircraft.   
 
     Five areas are currently tracked by the FAST report to allow for wing swaps and 
component replacement.  The airframe critical areas tracked are the front left and right 
main spars and the left and right rear spars of each wing.  Wing Station (WS) 33.7 of the 
lower main spar cap and WS 40.0 of the lower rear spar cap are the highest stressed 
points of these components and were chosen to determine the crack initiation time of 
each component.  The stations diagram for the T-34C is presented in Figure A-3.  The 
Structural Life Limits (SLL) for the T-34C airframe are computed by using Damage 
Rates at these locations.  The fifth area tracked is the “airframe” FLE.  This is the FLE 
accumulated on that airframe at the highest FLE component tracked regardless of what 
component changes have occurred on that BUNO.    When discussing the FLE of an 
aircraft it is understood to be the highest of the five areas tracked.  Currently in all cases 
where the FLE is not the same for all five areas tracked it is due to on condition wing 
swaps or spar replacements.  Thus the “airframe” FLE currently represents the highest 
FLE for the aircraft.   
 
     When the data are received by RAC a four-step process ensues: 
1) Validity check of each aircraft’s data for completeness and reasonableness 
2) Corrected data incorporated or gap-filled based on prior usage as appropriate 
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3) FLE calculated – Applied stress in calculations based on one “g” and per “g” 
stress applied to full scale test article 
4) Report issued to NAVAIR PMA-273 for distribution 
 
 FAST REPORT DATA 
     The data obtained from the FAST report are used to develop several helpful charts, 
graphs, and projections concerning T-34C availability.  Figure 4 shows the distribution of 
T-34C aircraft FLE rounded to the nearest decile.  The large “bow wave” shows the 
importance of replacing the T-34C fleet in time.  Once the bow wave hits, there will very 
quickly be significant numbers of airplanes above 100% FLE and grounded.  The data 













































T-34C FLE Distribution 




     T-34 airplanes have been using FLE at a rate of approximately 4% per aircraft per 
year.  All aircraft currently with a FLE of 80% or higher would be grounded within five 
years with that FLE usage rate.  With so many aircraft above 80% FLE, CNATRA would 
start losing a great majority of their T-34C airplanes just as their T-6A airplanes are 
starting to be delivered.     
 
     The number of T-34C aircraft projected to be available to CNATRA is presented in 
Table 3.  These data show future T-34C availability and the rate the T-34C fleet is 
projected to reach the end of its service life.   The data are obtained by projecting the date 
each BUNO will reach 100% FLE by using the previous 12 month fleet average FLE 
usage rate.  A mishap rate of 0.4 aircraft per 100,000 flight hours is also applied to this 
projection, which corresponds to the current “Class A” (stricken from inventory) estimate 





CNATRA Projected T-34C Availability 
 
 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 




INCREASED FLE USAGE RATES 
     Data showing each individual T-34C FLE percentage plotted against total airframe 
hours is presented in each FAST report.  This scatter plot from the March 2004 FAST 
Report data presented in Figure A-4 and the plot from the August 2005 FAST Report is 
presented in Figure A-5.  Comparison of these plots shows that the FLE usage rates per 
flight hour have increased between reporting periods.  The average lifetime FLE usage 
rate for the fleet jumped from 5.5% FLE used per 1000 hours in March 2004 to 5.7% per 
1000 hrs in August 2005.  The fleet lifetime flight hours for the T-34C is over 4.4 million 
flight hours.  A rise in the fleet lifetime FLE usage rate of 0.2% over one year is 
indicative of a large increase in FLE usage during that period.  The timing of this spike in 
usage corresponds to the beginning of the T-34C JPPT syllabus initiation in the spring of 
2004.   
 
     Between the years 2000 to 2004, the CNATRA pilot training wings (CTW-4 and 
CTW-5) have consistently averaged a FLE usage rate of 6.5% per 1000 flight hours.  
Figure 5 shows the August 2005 FAST data covering July 2004 through June 2005, 
which is the first data period covered by the JPPT syllabus at CTW-4 and CTW-5.  FLE 
usage rates of around 10% per 1000 flight hours at CTW-4 and CTW-5 are significantly 
higher than their historic values.  CTW-4 and CTW-5 accounted for over 85% of the 
165,000 flight hours flown by the T-34C during that period pushing the historic fleet 
usage over the lifetime of the T-34C up to 5.7% per 1000 hours.  This increased usage 
rate is a contributing factor to the estimated shortfall of primary training aircraft in future 







































T-34C FLE Usage By Site 
Source: August 2005 FAST Report 
 
 





RESULTS AND ANALYSIS 
 
BACKGROUND 
     Figure 6 depicts the total number of primary trainer airplanes (T-34C and T-6A) 
projected to be available to CNATRA in the out years and the total number of primary 
trainer airplanes required those same years.  As can be seen there is a projected shortage 
of up to 60 airplanes in the out years.  This equates to CNATRA being 20% short on 
meeting its PTR requirements.  In order to close this projected gap CNATRA will require 
a reduction in future PTR or more T-34 or T-6 aircraft available for use.   
 
     The PTR requirement is not likely to decrease because it is based on the number of 
“fleet seats” to fill.  Squadron components are known well in advance but the biggest 
unknown factor is the number of seasoned aviators leaving the service.  Since the terrorist 
attacks September 11, 2001 retention in Naval Aviation has been at the highest levels in 
recent times.  With economic conditions turning around, the probability that airlines will 
begin hiring again, and the high operational tempo of the Global War On Terrorism 
(GWOT), it is more than likely that retention rates will go lower rather than higher 
causing an increase rather than decrease to PTR.   
 
     Several possibilities exist, however, to circumvent this shortfall by increasing 









































CNATRA Primary Trainer Projected Inventory and Requirement 
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ACCELERATE PURCHASE AND DELIVERY OF T-6A 
     One solution to the primary trainer shortfall is to accelerate the purchase and delivery 
of the follow-on T-6A aircraft.  Unfortunately the Navy is already four years into the 
five-year “strategic pause” and the budget process for FY06 is complete.  The only way 
for more T-6 aircraft to be purchased in FY06 is for a congressional “plus-up” of aircraft.  
When this has been done in the past it has been for only a few (3-5) aircraft that would 
help but not come close to solving the shortfall.  The cost per T-6A aircraft in past buys is 
presented in Table 4.  The FY07 through FY09 costs are projected estimates and not 
under contract.  
     The bills for the GWOT are a priority, and the budget dollars are simply not there to 
support a significant increase in the T-6A buy.  In fact programs such as T-6A 
procurement are likely to be cut in the future to help pay these bills.  The Air Force is 
scheduled to continue its T-6A purchases through FY08, therefore a significant increase 
to the production line capability at RAC is not possible until FY09.  Aircraft purchased 
by the Navy in FY09 would not be delivered until FY11, which is too late to help the 
aircraft shortfall problem that is at its worst in 2009 and 2010.    
 
Table 4 
T-6A Historic Unit Cost 
Source: PMA-273 
Fiscal Year (FY) 00 01 02 03 04 05 06 07 08 09 
Cost Per Aircraft ($M) 2.6 2.6 4.3 4.6 4.7 4.9 5.0 5.8 5.9 6.6 
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REDUCE T-34C FLE ACCRURAL RATE 
     The T-34C FLE algorithm specifics are proprietary to RAC but the effects of the 
inputs are understood.  T-34C BUNO 162275 was the first aircraft to reach 100% fatigue 
life and was completely torn down and inspected.  This was accomplished to verify the 
fatigue model as well as to look for any possible fatigue or corrosion problem areas that 
may have been unknown.  No significant or unusual corrosion or fatigue damage was 
determined to have occurred on that aircraft.  The RAC engineers analyzed the FLE data 
for the Navy in order to determine the manner in which that aircraft reached the end of its 
service life.  This analysis showed that when normalized per flight hour, 70% of the 
“damage” or FLE was accumulated due to the measured CAG data, while 16% was due 
to extrapolated accelerometer data, and just 14% was due to landings.  The majority of 
the 70% damage due to CAG hits was a result of the 3 and 4 “g” occurrences.  This 
means that the accelerometer data has by far the largest impact on the fatigue life of the 
T-34C aircraft and reducing the number of normal acceleration occurrences of 3 to 5 “g”s 
could have the most immediate impact of reducing the FLE usage rate.   
      
     To use the remaining FLE of the T-34C fleet more efficiently, fewer flight hours will 
have to be flown or less dynamic maneuvering during sorties would have to occur.  The 
use of simulators to enhance training and use less flight hours has already been studied 
and implemented by CNATRA.  A student pilot currently receives about 70 hours of 
flight time in the T-34C and this is seen as a minimum to ensure adequate experience and 
proficiency are attained before moving to more complex aircraft.   
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     The marked increase in FLE usage at CTW-4 and CTW-5 as depicted in Figure 5 
above is having a detrimental effect on projected T-34C availability.  The projected 
remaining aircraft are calculated to reach 100% FLE at the twelve month FLE usage rate 
generated by the FAST reports.  Any decrease in the FLE usage rates at these sites would 
increase the number of T-34Cs available to CNATRA in future years.  An analysis of the 
new JPPT syllabus is currently being conducted to determine the feasibility of reducing 
the more dynamic “high-g” events.   
 
     A plan to “g-restrict” the T-34C has been discussed.  Essentially the fleet of T-34Cs 
would have a self-imposed “g-limit” of perhaps 2.5 in order to lessen the FLE rate.  This 
has been done in the Navy when required to reduce FLE accrual, notably most recently 
with the EA-6B Prowler.  Although perhaps acceptable as a last resort effort for 
experienced fleet EA-6B aviators with hundreds of hours of mission experience in type, 
“g-restricting” is considered unacceptable when training student pilots with no prior 
flight experience.  These first flight hours are considered crucial to the skill development 
of these future aviators and reducing that experience to mere level flight “instrument 
condition” flying would compromise their training.   
 
     Instead of “g-restricting” the entire fleet of T-34C aircraft, “g-limiting” the highest 
FLE aircraft has also been considered.  By limiting certain high FLE aircraft to flying 
events that are not highly dynamic, these higher FLE aircraft could last longer than 
expected.  Limiting events where numerous CAG exceedences occurred would in effect 
lessen the FLE rate for those specific aircraft.  This would incur an operational 
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scheduling challenge to only assign certain BUNOs to certain flights but could be 
accomplished.  This solution might work if the expected shortfalls were minor and 
occurring over only one or two years.  The problem is that the FLE rate on the other 
aircraft will actually increase causing them to catch up rather quickly to the “g-limited” 
aircraft.  Essentially the T-34C curve as shown in Figure 6 would flatten for a time, but 
then get even steeper and end up in the same place.  Though “g-limiting” is not an 
acceptable long term solution, it may be useful for a short time period if the future 
situation dictates.   
 
CNATRA USE OF SATELITE SITE T-34C AIRPLANES 
     CNATRA is not the only command that has T-34C aircraft.  Various Navy FRS and 
Weapons Schools, Navy and Army Test and Evaluation Squadrons, and the National 
Aeronautics and Space Administration (NASA) are currently flying a total of 28 T-34C 
aircraft.  PMA-273 is looking into the possibility of “borrowing” some of these for 
CNATRA’s use in the future.  Memoranda of Understanding between the operating units 
are being drafted that would allow CNATRA to use these aircraft if required.  This would 
be a significant help towards the service life problem, however initial responses show it is 
very unlikely these commands would part with these aircraft for the time-period that 
would be required.  As discussed, these commands have critical missions these aircraft 
are accomplishing and budget cuts are significant for them as well.   A T-34C flying a 
range safety flight at approximately $450 per flight hour is a significant savings 
compared to using an F/A-18 costing tens of thousands of dollars per hour to operate.  No 
other aircraft has been identified that can adequately fulfill the required missions at a 
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reasonable cost.   Another concern to this “borrowing” is that most of these T-34Cs have 
not been updated to the latest Technical Directives and modifications.  Due to the 
expense and time required to bring these aircraft to the CNATRA configuration these 
aircraft would most likely not train students but would be used for instructor training 
only.  This would still help the aircraft shortfall but would limit its effectiveness.  
  
T-34C FLE EXTENSION THROUGH SLEP 
     Extending the service life of the T-34C is the only solution that does not negatively 
affect the training and use of these aircraft by their operators.  An increase of the service 
life of 20% on 60 aircraft would be adequate to fill the expected shortfall.  At a FLE 
usage rate of 5% per year, four additional years of usage would be attained from the 
aircraft, solving the aircraft shortfall problem.  The effect of a 20% FLE extension to 63 
T-34C aircraft is presented in Figure 7.   
     Paying for a SLEP with unknown requirements is not an easy task.  Even if this FLE 
extension cost $100,000 per aircraft it would still be less than the expense of one T-6A 
off the production line.  The engineering and logistical study required to determine the 
proper procedure for a SLEP is known as a Service Life Assessment Program (SLAP).  A 
SLAP can be paid for with Program Related Logistics (PRL) dollars that have been 
budgeted.  Procurement dollars are very difficult to receive and must be budgeted years 
in advance.  If any component replacements are required, that could be accomplished 
during the ACI procedure, those components could be paid for with depot funds.   These 
depot funds are already budgeted and the expected increase due to additional component 









































CNATRA Primary Trainer Projected Inventory and Requirement With 63 SLEP T-34C  
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Any component replacement would most likely be the major cost driver of any SLEP 
requirement.  Any aircraft modifications, such as inspection panels, would be a small cost 
driver.    An added benefit to doing a SLEP during the ACI is that the aircraft is due to be 
out of service during that time period and will also be stripped apart making any 









     Maintaining airworthiness of an aircraft or determining its expected service life is 
dependent on the structural design philosophy of the aircraft design.  Airplane structures 
are divided into Primary Structures, which are required to carry the full design flight and 
ground loads, and Secondary Structures, which carry only air or inertial loads and if 
failure occurs will not cause catastrophic failure to the airplane.  Principal Structural 
Elements (PSEs) or Structural Significant Items (SSIs) are structural elements within 
primary structures that are determined to be significant because of the loss of overall 
structural function that results from their failure.  Designing a structure to carry a static 
load is relatively easy, but the effects of corrosion and fatigue are more difficult to 
predict.  There are generally three typical structural design philosophies that aircraft 
structures are designed to: safe life, fail-safe, and damage tolerant.  These design 
philosophies are described in Figure 8.    
 
SAFE-LIFE 
A safe-life design achieves safety by taking the structural component out of service at or 
before a pre-determined, conservative fatigue life limit is reached.  The structural 
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Figure 8 
Structural Design Philosophies 
Source: John Hall, University of Kansas Continuing Education 
 
 
component is designed to an ultimate load that is typically 50% higher than the design 
limit load.  The fatigue life limit (described by events: flight hours, landings, etc) for the 
component is determined by analysis with expected flight profiles and subsequent 
expected loads.  Normally this analysis is verified by structural fatigue testing of the 
component to a minimum of three lifetimes (scatter factor of three for full scale fatigue 
testing).  Thus the component is conservatively designed to withstand 150% of the design 
limit load with an extremely low probability the strength will degrade due to fatigue 
cracking.  The negative aspect to this design philosophy is that at the pre-determined life 
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limit the component will have to be discarded even if it remains perfectly structurally 
sound.    Safe-life design philosophy was used in jet transports until Fail-safe techniques 
began with the Boeing 707.   Some components on modern airplane design, such as the 
landing gear, are still safe-life limited.   
 
FAIL SAFE 
     A fail-safe design philosophy allows for the structure to maintain the ability to carry 
the required residual load even after a failure or partial failure of the component.  This is 
accomplished through alternate load paths, where each path can individually carry the 
design load.  This in theory will keep the airframe from catastrophic failure before the 
component failure is found by inspection and repaired.  Most modern jet transports were 
designed with the fail-safe philosophy until damage tolerant techniques were applied 
after 1978.   
 
DAMAGE TOLERANT 
     A damage tolerant design methodology achieves safety by ensuring that fatigue cracks 
will be detected through a thorough inspection process before the structural strength of 
the component falls below the design limit.  Thus the structure will sustain the design 
loads even with fatigue crack damage until the damage is detected and repaired.  The 
inspection method and interval are determined by analysis of predicted crack growth 
curves and determination of probability of detection.  Advisory Circular 25.571-1C states 
a damage-tolerant design is accomplished by the following features: 
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1) Multiple load paths and the use of crack stoppers to control the rate of growth 
while providing adequate residual strength 
2) Materials and stress levels that ensure slow controlled crack growth 
3) Ensuring design details provide high probability of damage detection 
(inspectable) prior to reduction in residual strength 
4) Provisions to preclude possibility of widespread fatigue damage (crack 
coalescence, simultaneous failure of multiple load path discrete elements)    
 
Full scale fatigue testing helps ensure the effectiveness of the design to preclude 
widespread fatigue damage.   
 
     Most aging aircraft programs rely on determining PSE crack propagation probabilities 
and instituting adequate inspection techniques and intervals to bring the aircraft into a 
damage-tolerant service life philosophy.   
  
PROPOSED SLEP METHODOLOGY
     Determining the requirements to SLEP the T-34C airplane is dependant upon the 
original fatigue test data, and the results of a Service Life Assessment Program (SLAP).   
After analysis of those data, a way forward including schedule budget estimates for the 





ORIGINAL T-34C FATIGUE TESTING  
     The T-34C aircraft was designed to a 16,000 flight hour service life.  The fatigue test 
program was conducted at Beech Aircraft Corporation, Wichita, Kansas from 31 May 
1978 to 30 November 1979.    The wing, carry-through (front and rear spars), and 
associated structure were subjected to a load spectrum from a consideration of fatigue 
damage due to gust, maneuver, sorties, landing, and taxi.  The loads were applied to the 
wings with a hydraulic loading complex in conjunction with an electronic load 
controlling system distributed span wise and chord wise on the upper and lower wing 
surfaces.  The test article was first subjected to the equivalent of two lifetimes (60,000 
landing cycles, 177,375 flight cycles, and 32,000 flight hours) with no significant 
damage.  The Navy directed testing to continue at increased landing loads until the test 
article sustained the equivalent of nearly three lifetimes (84,195 landings, 254,941 flight 
cycles, and 44,957 flight hours).  A teardown inspection of the entire test article revealed 
minor cracks at both ends of the upper forward carry-through structure that were not 
visible until disassembly of the carry-through structure.  A minor design change was 
initiated to enable inspection to view the upper cap of the front carry-through structure.   
 
SLAP 
    In order to SLEP the T-34C aircraft, NAVAIR and RAC program managers and 
engineers have decided to investigate moving the T-34C aircraft from a safe-life aircraft 
to a damage tolerant aircraft.  A SLAP has been initiated to determine the feasibility of a 
Service Life Extension Program for the T-34C.   This assessment determined the 
following 12-step process required to extend the service life of the T-34C aircraft:   
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1. Review existing data (Original Equipment Manufacturer (OEM) & ACI reports, 
syllabus, maintenance records, maintainer and pilot interviews) 
2. Complete teardown and Non-Destructive Inspection (NDI) of high FLE aircraft 
3. Teardown and NDI of two additional aircraft concentrating on load bearing 
members 
4. Documentation and identification of critical components 
5. Define replacement or Damage Tolerance Analysis (DTA) of critical components 
6. Develop repeated loads criteria 
7. Develop Finite Element Models (FEM) as required 
8. Conduct DTA of critical components  
9. Develop component inspection/replacement requirements 
10. Develop SLEP kit 
11. Develop and process Technical Directive (TD) to install kits 




PLAN FORWARD  
     Steps 1 through 6 have been accomplished and decisions are required whether to move 
forward due to the significant funding required.   The identified critical components are 
the main spars and their carry through structure.  The DTA for these known critical 
components is expected to cost around $2.5M and take over a year to complete.  This 
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effort cannot afford that kind of time and the results of the analysis may determine that 
those components need replacing.  The cost of simply replacing these safe life items and 
not spending the time and resources on the DTA is expected to be about $47.0K or for 60 
aircraft a total of $2.8M, only $300K more than doing the study alone.    
      
     Spar replacement has been accomplished regularly and procedures are well developed.     
The difficulty of replacing the center carry through section however was unknown so in 
March of 2005 a Field Team was dispatched to attempt a replacement of this component 
and develop the procedure.  The aircraft chosen to receive this component swap was on 
the highest fleet FLE aircraft (99% FLE) located at NAS Whiting Field before it was 
grounded.  This prototype effort was completed in August 2005 and the procedures are 
being developed from the documentation in support of producing an ACI specification.  
This aircraft is expected to fly in October of 2005.  A picture of the center carry through 
structure is presented in Figure A-6.    
      
     A validation of this procedure is scheduled for the fall of 2005 and a verification of 
this effort is scheduled to be complete by the end of February 2006.  Concurrent with that 
effort, the rest of the aircraft structure will be analyzed to determine what inspection 
requirements and intervals will be needed to maintain airworthiness past 100% FLE.     
 
     Initial estimates by NAVAIR structural engineers have determined that a periodic 
inspection (less than the current 5-year ACI requirement) will most likely be required on 
components in the wing and tail sections.  This would add a small amount of additional 
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labor to conduct these inspections but would be accomplished easily by Organizational 
Level (O-level) maintenance.  To access the required areas for inspection however, 
several small inspection panels or “button holes” will have to be put in various locations 
on the aircraft.  This Air Frame Change (AFC) is not expected to be very difficult or 
expensive to accomplish whatever those requirements may be.   
      
SCHEDULE AND FUNDING 
     The FY06-09 ACI schedules have been analyzed with respect to the projected FLE 
status of each BUNO by the end of those years.    A recommended SLEP candidate list of 
CNATRA T-34C BUNOs is presented in Table B-2.  These aircraft would have the carry 
through structure replaced at ACI as well as having the main spars replaced if needed.  
Criteria for these proposed candidates are that they are projected to reach 100% FLE 
before the end of FY09, are due for ACI induction and can be inducted to ACI prior to 
reaching 100% FLE.  In addition to the three prototype/validation/verification aircraft, 
this schedule plans for 5 additional aircraft having the carry through and spar 
replacements by the end of FY06.   
      
    Funding for purchasing the required SLEP replacement parts (carry through structure 
and main spars) has been established.  $2.7M has been earmarked for these parts to be 
split between FY07 and FY08.  That funding would allow for 56 carry through/spar 
replacements at an estimated $48K apiece.  With the 3 (prototype, validation, 
verification) replacements that will have been accomplished, 59 of the 63 required 
aircraft are currently funded.  It is the author’s intent to find this money shortfall in 2006 
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in order to accomplish the required replacements in 2006 according to the schedule in 
Table B-2.    
 
     The AFC requirement of adding inspection panels throughout the aircraft to 
accommodate a more rigorous inspection program is unknown.  It is estimated that this 
will cost approximately $10.0K per aircraft.  Since it is an AFC the work could not be 
done with depot funds and would have to be accomplished on site.  This requirement for 
of $600K could be spread over three years and is small enough to be accounted for out of 




CONCLUSIONS AND RECOMMENDATIONS 
 
CONCLUSIONS      
     The T-34C aircraft is quickly approaching the end of its service life.  From FY08 
through FY11 there will not be enough primary pilot trainer aircraft for CNATRA to 
conduct primary pilot training.  This shortfall is expected to reach a peak of 63 aircraft in 
FY09.  In the authors opinion there is not a realistic expectation of a reduced flight hour 
requirement or an increase in the expected T-6A procurement that will alleviate this 
shortfall.  In order for CNATRA to meet its future training requirements a SLEP to the T-
34C airframe is required.   An additional 20% allowable FLE to 63 T-34C aircraft will 
fill this projected shortfall.     
 
     A SLEP to the T-34C aircraft of this magnitude will require either the complete 
replacement of or DTA of the forward carry through structure and right and left main 
wing spars.  An additional inspection requirement to the wing and tail structures is also 
expected for airworthiness to be maintained past 100% FLE. 
    
RECOMMENDATIONS 
The replacement of the left and right main spars and forward carry through structures can 
be accomplished at minimal expense.  With these proven processes, the expensive and 
time-consuming DTAs of those sections will not be required.  It is the author’s 
recommendation that the DTAs on those sections cease and all future T-34C SLEP 
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aircraft be required to have a replacement carry through structure and wing spars to be 
considered airworthy past 100% FLE.  In addition, the following steps are recommended 
to accomplish the T-34C SLEP in a timely manner to meet future requirements: 
 
1) Finish the validation and verification of the carry through structure, 
document the procedure, and add to the ACI specification 
2) Verify the expected costs of this effort and continue to update funding 
requirement 
3) Validate potential ACI aircraft for SLEP (FLE analysis, ACI schedule) 
4) Continue with analysis to identify and define inspection procedures for rest 
of structure 
5) Convince CNATRA operators to reduce unnecessary high “g” maneuvers to 
conserve remaining service life as much as practicable 
6) Monitor FAST reports, T-6A procurement, and projected flight hour 
requirements that may indicate a change in SLEP requirements  
 
     Managing the remaining service life of the T-34C aircraft will continue to be a 
challenge.  Constant monitoring of the FLE on the remaining aircraft while analyzing 
future requirements will be required.  Pursuing the requirements to SLEP the T-34C 
aircraft will allow the U.S. Navy to continue the production of the finest Naval Aviators 
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T-34C Aircraft Dimensions 






T-34C Stations Diagram 
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FLE vs. HRS Average Usage (5.5%/1000 hrs)
 
Figure A-4 
T-34C FLE vs. Flight Hours 2004 
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FLE vs. HRS Average Usage (5.7%/1000 hrs)
  
Figure A-5 
T-34C FLE vs. Flight Hours 2005 



























































CNATRA Projected Flight Hour and Aircraft Requirements 
 
 
Required Flight Hours Required Aircraft Fiscal 
Year T-34C T-6A Total T-34C T-6A Total 
2005 143,254 22,346 165,600 251 33 284 
2006 136372 25,660 162,032 239 38 277 
2007 146531 27,051 173,582 257 40 297 
2008 149873 27,085 175,958 263 40 303 
2009 136,599 43,311 179,910 240 64 304 
2010 115,557 64,061 179,618 203 95 298 
2011 86,275 91,397 177,672 151 135 287 
2012 61,450 119,707 181,157 108 177 286 
2013 32,556 145,771 178,327 57 216 274 
2014 15,000 170,000 185,000 26 252 279 




T-34C SLEP Recommendations 
 




162275 2005 Prototype 99.3 2010 
160491 2005 Validation 92.32 2013 
162254 2006 Verification 90.85 2014 
161029 2006 96.1 2011 
160952 2006 94.5 2011 
162254 2006 91.9 2012 
160936 2006 90.3 2012 
160277 2006 Induct 07 90.9 2012 
161023 2007 97.6 2012 
160651 2007 98.2 2012 
160517 2007 97.5 2012 
160523 2007 96.1 2012 
160641 2007 95.0 2013 
161034 2007 94.4 2013 
160471 2007 94.4 2013 
161036 2007 93.8 2013 
160941 2007 94.6 2013 
160951 2007 93.7 2013 
161044 2007 93.4 2013 
160516 2007 93.4 2013 
160527 2007 94.0 2013 
161031 2007 93.5 2013 
161047 2007 92.7 2013 
160950 2007 91.6 2014 
160488 2007 91.0 2014 
160950 2007 89.8 2014 
160637 2007 91.6 2014 
161055 2007 89.8 2014 
160953 2007 88.5 2014 
160522 2007 88.3 2014 




            Continued 
 




160535 2008-Induct 07 99.7 2011 
160484 2008-Induct 07 98.6 2011 
162268 2008-Induct 07 98.4 2011 
160933 2008-Induct 07 97.8 2011 
160630 2008 99.8 2012 
160954 2008 99.7 2012 
160521 2008 99.7 2012 
160501 2008 99.6 2012 
160279 2008 99.4 2012 
160634 2008 99.4 2012 
160514 2008 99.8 2012 
160962 2008 99.6 2012 
160272 2008 98.5 2013 
161030 2008 98.5 2013 
162272 2008 98.1 2013 
160481 2008 98.5 2013 
160631 2008 98.4 2013 
160645 2008 98.2 2013 
161033 2008 98.1 2013 
161796 2008 97.8 2013 
160635 2008 97.8 2013 
160511 2008 97.3 2013 
160526 2008 97.1 2013 
160485 2008 96.0 2014 
161043 2008 95.8 2014 
160940 2008 95.4 2014 
161024 2008 95.0 2014 
160633 2008 94.8 2014 
160515 2008 94.6 2014 
160274 2008 94.6 2014 
161816 2009- Induct 08 99.8 2011 
162258 2009- Induct 08 98.6 2012 
162297 2009- Induct 08 98.6 2012 
161827 2009- Induct 08 99.2 2012 
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